The dependence o f sperm atogenesis function on murine age shall be investigated. Thus, testicular samples of at least 10 NMRI mice per group aged 0 to 26 months are analysed by flow cytometry after staining the D N A with DAPI. The aim of this study is to be able to account for the influence of age on mice.
Introduction
In contrast to the somatic cells of the metazoic body, cells of the idioplasm a (germ line) which fi nally become germ cells in the haplophase are potentially immortal. However, the influence of age of the individuum on gametogenesis has long been a m atter of debate. In oogenesis, the situa tion is more obvious: M utational frequency in creases with age increasing e.g. the frequency of Dow n's syndrome in man, before, at a special spe cies dependent age, ovulation and thus fertility end by horm onal regulation. As concerns sperm a togenesis, it is assumed that the production of spermatozoa which is dependent on pituitary FSH (follicle stimulating horm one) and on androgens may be retained up to a high age. However, there obviously is an increase of certain human genetic disorders with paternal age that have been linked to genetic m utations such as achondroplasia, A pert, M arfane and D ow n's syndrome (Tunte et al., 1967; M urdock et al., 1972; Smith, 1972; Kovaleva 1992) . Also, the ease with which concep tion is achieved decreases after 25 years in man (M acLeod and Gold, 1953) .
Spermatogenesis is the suitable system for as sessments of fertility and genetic risk in the male gonad. Spermatogenesis is a steady state system Reprint requests to P.D. Dr. U. Hacker-Klom.
providing large numbers of cells for analysis. In vertebrates, the formation of spermatozoa is local ised in the testes. The gonocytes yield sperm ato gonia. The development of male germ cells in the seminiferous epithelium involves three main phases: spermatogonial multiplication, meiosis, and spermiohistogenesis. A t first, spermatogonia undergo multiple mitotic divisions and get sperm a tocytes that grow and divide twice during meiosis to become round spermatids. These cells differenciate during spermiohistogenesis to elongated spermatids and finally leave the testis as sper matozoa.
Not only in biology, but also in medicine, there is an increasing interest in germ cell reactions, be cause of the general ageing of the population, and because more effective therapies e.g. with radia tion or chemicals lead to long term survival of man. The reaction of spermatogenesis to radiation was proposed early as an assay in radiotherapy be cause of the high radiosensitivity of particular cell types (Regaud and Ferroux, 1927) . The general radiosensitivity pattern of germ cells is similar in man and mouse, so that the mouse may serve as a modell for man (Meistrich and Samuels, 1985) . The mouse only has a life expectancy of about two years. Thus, this mammal seems well suited for studies on the age dependence of sperm atogene sis function.
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influences are evaluated here. Changes in testis weight, the genetics, kinetics and the frequency of the different testicular cell types are analysed.
Using flow cytometry, six groups of spermatogenic cells can be differentiated: 1. haploid elon gated spermatids (1 cc*), 2. haploid round sperm a tids (1 c), 3. diploid (2 c) cells (Leydig and Sertoli cells, epithelial cells, spermatogonia in the G r phase of the cell cycle, and preleptone sperm ato cytes), 4. cells synthesizing DNA (mainly sper matogonia and primary spermatocytes), 5. 4c-cells, mainly primary spermatocytes in pachytene, and some (G 2+M )-spermatogonia, and 6. diploid elon gated spermatids which are abnormal. These poly ploid germ cells arise if the second meiotic division does not take place, at least in Saccharomyces cerevisiae (Sora and Magni, 1986) In spite of their gross genetic abnormality, they undergo spermiohistogenesis. Their only morphologic feature in mice is an oversized head (c f Hacker-Klom et a l, 1989). Besides diploid spermatozoa, numerical chromosome aberrations may be detected by an increase in the dispersion in the DNA histograms (O tto and Oldiges, 1980) : The coefficient of varia tion (CV) thus is not only an indicator of the technical and optical measuring accuracy but also indicates the biological variance. Mice were inves tigated over their whole life span of 0 to 26 months of age.
Materials and Methods
Male NM RI mice (Mus musculus, originally from the Institut für Versuchstierzucht (H anno ver) aged 0 to 26 months were used. These mice were bred in our own mouse colony under natural diurnal rhythm. Mice were killed by cervical dis location. Testes of at least 10 mice were weighted. For flow cytometric analysis, the testes were minced with surgical blades after removal of the tunica albuginea, fat, epididymis, and connective tissue (Hacker-Klom, 1994) . A particle analysis system PAS II (Partec AG, M ünster) was used for the flow cytometric analysis.
Sample preparation and staining procedure with the DNA specific fluorochrome 4',6-diamidino-2-phenylindole-2HC1 (DAPI) has been described before (protocol 1, cf. O tto and Oldiges, 1986). The composition of a DNA histogram of testicular cells as m easured by flow cytometry was verified by cell sorting (Tatchen et a l, 1989) . The calcula tion of the different testicular cell types was p er formed using the cumulative frequency distribu tion (Meier, 1983) . The coefficients of variation which allows to determ ine the accuracy of m eas urements were about 2% for peak III in each DNA histogram. Each testis was analysed sepa rately. Single values for the testes are indicated in Figs 1 and 3 -5
Results

Testis weight
Testis weight increases from birth to the 10th week by a factor of about 56 from 2.5 ± 0.5 mg to 140 ± 11 mg. The significant changes occur after the 11th week ( Fig. 1) .
A tendency to reduction of testis weight with increasing age is observed in mice. The correlation coefficient is (-0.75). Testis weight is only reduced in some older mice. In some mice, both testes are lighter than normal, e.g. in mouse no. 145 m onths (18 months old, both testes weight only 85 mg). In other mice, one testis is normal whereas the other has a reduced weight, e.g. mouse no. 185 (21 months old), the right testis weights only 72 mg, and the left testis weights 124 mg. Because of deviations from average by some individuals, the variability becomes higher with increasing age of the mice.
D N A histograms
R epresentative DNA histograms (Fig. 2 ) are chosen to show the age dependence of murine spermatogenesis. Only 2c, S and 4c cells are found in the testes at birth (83 %, 10 %, 7 % respectively, see Fig. 2 a) .
At the age of 1V2 weeks, the percentage of 4c cells increases to 12 % (peak IV, representing pri mary spermatocytes and (G 2 + M) spermatogonia, Fig. 2 b) . Already there are some round sperm a tids in the testes (peak II). A t the age of three weeks, the percentages of 4c cells (peak IV) and round spermatids (peak II) are increased to 26 % and 4 %, respectively (Fig. 2 c) .
In a mouse that is 4 J/2 weeks old, the propor tions of elongated and round spermatids have increased further (Fig. 2 d) .
A mouse aged 6 weeks has nearly adult haploid germ cell frequencies of 59 % (8 % elongated and 51 % round spermatids, see Fig. 2 e) .
In a mouse aged 12 weeks, there are 65 % haploid germ cells (13 % elongated and 52 % round spermatids, see Fig. 2 f) . In the DNA histo gram of a mouse aged 12 months, 64 % of the cells in the testis are haploid germ cells (17 % elon gated and 47 % round spermatids, see Fig. 2 g) . The DNA histograms of two mice that were 18 and 21 months old do not differ very much from that of the mouse aged 12 months (Fig. 2 h ,i) .
In a mouse aged 21 m onths (Fig. 2 j , mouse no. 185), haploid germ cells in the right testis are reduced to only 35 %. Testicular weight is reduced to 57 % of normal (0.0719 g); the weight of the left testis and the percentage of haploid germ cells are normal with 0.1237 g and 66 % (Fig. 2 k) . In a mouse aged 22 months, the right testis also shows reduced percentage of haploid germ cells. The left testis is normal weight, and haploid germ cells are normal in num ber (Fig. 2 1, m) . Spermatogenesis can be intact in mice aged 24 m onths (Fig. 2 n) . 
Haploid germ cells
The percentages of round and elongated sper matids as well as the sum of both increase between the 3rd and 6th week of life and stays constant more or less thereafter (Fig. 3 a -c ) . The increase in num ber of haploid germ cells parallels the increase in testis weight (c f Fig. 1 ). The variability of the percentage of haploid germ cells is very low. In 124 mice aged 8 weeks, the arithm etic mean ± standard deviation (x ± 5 ) is 66.8 ± 5.6 %. The region of 61 to 72 % lc cells is called "norm al" therefore. The standard deviation is below 10 % of the arithm etic mean in most age groups. The variability of the numbers of elongated spermatids is much larger than that of round spermatids and the combined "haploid cells". Starting with the age of 16 months, there is a tendency to reduced percentage of haploid germ cells (Fig. 3 c) which is more obvious in the data of round spermatids (Fig. 3 b) than in those of the elongated spermatids (Fig. 3 a) .
2c cells
The percentage of diploid (2c) cells is 75-80 % at birth, and increases up to 90-95 % of all cells within the first two weeks of life before decreasing (Fig. 4 a) . The reason for the relative reduction of 2c cells is the absolute increase of germ cells with a lc and 4c DNA content in the testes. In the adult mouse, the percentage of 2c cells is 10-20 %. In some mice above 17 months of age, there are sharp increases of the 2c percentage. In these ani mals, testis weight and the percentage of lc cells are decreased at the same time (Figs 1 and 3 c) . These mice have a tubular atrophy.
A high 2c cell percentage is always correlated with a low percentage of germ cells in states lc and 4c.
S-phase cells
The percentage of cells in the phase of DNA synthesis is 10-15 % at birth (Fig. 4 b) . It in creases between the 2nd and 6th week of life to about 20 % reflecting the increased proliferative activity of spermatogonia. In mice aged 6 weeks and older, the percentage of S-phase cells is 2.5-10 %. Obviously, the variability (s/x) is quite high. There is no age dependent reduction of the frequency of DNA synthesizing cells. 
4c cells
The proportion of 4c cells is about 10 % at birth. In the 3rd week of life, it raises (Fig. 4 c) , because of the progressive increase of the numbers of (G 2 + M) sperm atogonia and primary sperm ato cytes preceeding the increase of haploid germ cells (Fig. 3 c, 4 c) . In mice aged 4 weeks and more, the fraction of 4c cells is between 7 and 14 %. No relationship between murine age and the percent age of 4c cells could be detected.
D iploid elongated sperm atids
The percentage of diploid elongated spermatids does not increase with age in adult mice (Fig. 5 a) .
Coefficient o f variation
The ratios between the CV's of peaks I to III resp. of peaks II to III (postmeiotic to premeiotic cells) are calculated in order to have an internal standard (peak III). There is a tendency to an increase of the ratio of CV I/III with increasing m urine age between 2 and 24 months of age (Fig. 5 b) . The correlation coefficient is + 0.81. No age dependent increase is detected in the ratio of the CV's of the peaks II and III (Fig. 5 c) . The ratios of the C V 's of peaks II/III are lowest in mice aged 1 m onth, 5 and 17 months.
Discussion
The dependence of m urine spermatogenesis on the daytime was analysed earlier (Hacker-Klom, 1994) . Therefore, in the present paper, the testis samples were taken between 8 a.m. and 12 a.m. resp. 3 p.m. and 5 p.m. when there are no signifi cant changes in the percentages of the different testicular cell types (Hacker-Klom, 1994) .
Here, the influence of age on murine sperm ato genesis is evaluated in mice aged 0 to 26 months. Round spermatids already appear in mice at the age of lV2 weeks whereas in adult mice, the pro gression from stem cell spermatogonia to round spermatids takes three weeks (c f Oakberg, 1956 ). Obviously, spermatogenesis proceeds faster in young than in adult mice. Mice between 11 weeks and 16 months of age show no age dependent changes in testis weight and the num ber of germ cells and, thus, may be used for experiments on irradiation or drug effects. In mice above 16 months of age, there is a tendency to reduced numbers of spermatogonial cells. Especially the most frequent testicular germ cell type, the round spermatids, and, at the same time, the combined haploid germ cells were reduced in num ber in mice aged 17 months and more. These changes were paralleled by a decrease of testis weight and an increase of the num ber of 2c cells reflecting a tubular atrophy. In the frequencies of the other germ cell types (haploid elongated spermatids, pri mary spermatocytes, spermatogonia), no changes were detected by the experim ental and m ethod ological design applied here.
In the present paper, the variability of the num bers of elongated spermatids (peak I) is much larger than that of round spermatids (peak II) and of the combined "haploid cells". Probably, this phenom enon is a consequence of the different status of chromatin condensation in elongated spermatids with differing access for the DNA spe cific fluorochrome molecules, and the perm anent drain of spermatozoa to the epididymis. This higher variability in the frequency of elongated spermatids and spermatozoa might explain why the changes in the percentages of round sperm a tids with age are more obvious than those of elon gated spermatids and spermatozoa. Suzuki and Withers (1978) found an exponential decrease of stem cell spermatogonia by use of the microcolony assay in unirradiated and irradiated C3Hf/Bu mice with increasing age between 7 and 122 weeks. This finding indicates that "the lifetime of the mouse spermatogonial stem cells in situ is not uniformly specified but limited in a random m anner". In this respect, the conclusion of Suzuki and Withers is in accordance with our results but not with conventional views about stem cells and ageing. O ur results, too, may be explained by the random inactivation of stem cell spermatogonia in the testes with age leading to reduced numbers of round spermatids and tubular atrophy in some older mice.
A correlation between age and the width of peak I representing elongated spermatids and sperm atozoa as expressed by the ratio of the co efficient of variation (CV) of peak I and III was found (r = +0.81). No age-dependent increase was detected in the ratio of peak II (round spermatids) and III. Obviously, a disturbance of chromatin condensation with increasing age is the reason for the increasing variability of peak I representing elongated spermatids, not a real increase of chro mosome aberrations.
Thus, our data which were obtained in male N M R I mice are in contradiction to those of Fabricant and Parkening (1982) : They found that 12 and 18 months old C557BL/6 mice had a signicantly higher frequency of chromosomal aberrations in m ale germ cells compared to 2 months old animals what is consistent with a theory of decreased re pair capacity in cells from aged animals (Alexan der, 1967) . The frequency of morphologically ab norm al spermatozoa is increasing with age in 2 to 25 m onths old C557BL/6 mice at about a factor of two (Fabricant and Parkening, 1982) . Age-dependent changes in morphological characteristics of m urine spermatozoa were accompanied by decreased motility and fertilizing ability (Martin-D eL eon and Boice, 1982) . But since the assump tion of a general correlation between morphology and chromosomal aberrations of murine sperm a tozoa is a m atter of debate (Wyrobek et al., 1979) , the data of these authors cannot be correlated with our own data.
Interestingly, no age dependent increase of the frequency of diploid spermatozoa was detected. Considering the involvement of diploid sperm ato zoa in triploid zygotes -trisomy is the most fre quent chromosomal anomaly in mouse and rabbit (M artin-DeLeon and Boice, 1982) -this finding indicates that ageing spermatozoa may play a mi nor role in the induction of trisomy.
W hether the extrem e small ratio of the CV of peaks II and III in mice aged 1 month, 5 and 17 months in our data has seasonal reasons must be investigated further: These samples were obtained in autum n (Septem ber/October), and possibly re flect a low testicular activity. The other samples were taken in spring, summer or winter.
In conclusion, it is im portant to control the age of experimental mice used to study sperm atogene sis. Mice aged 11 weeks to 16 months are suitable for studies on other than age effects on sperm ato genesis. Since in these age groups, there also were no significant changes between the germ cell per centages of both testes of the mice, e.g. the left testis might serve as an internal control for the right testis if treated non systemically.
